The identification of suitable parental genotypes potentially generating superior lines with traits contributing to the overall yield of cowpea is an important step in the development of improved varieties. Eight parents and their 28 hybrids obtained through diallel crossing design were evaluated in a randomized complete block design with three replications. Highly significant differences among the parents and their hybrids for different traits were observed. General combining ability (GCA) mean squares were larger than the specific combining ability mean squares for all the traits analysed. The ratio h 2 /H2 revealed different number of genes controlling the traits, pointing out their polygenic inherited control. The estimated low narrow sense heritability recorded in this study indicated that recurrent selection procedure could be effective to improve the analysed traits in the genotypes included in this study. Kananado with large, positive and significant GCA effects was identified as the parent with desirable genes for the genetic improvement of the considered yield component in cowpea. In addition, IT03K-316-1 ¥ Cowpea-2 and IT99K-316-2 ¥ Kananado seemed to be the best hybrids for number of pods/plant and 100-seed weight, respectively.
Introduction
Cowpea, Vigna unguiculata (L) Walp, is an important legume crop in tropical African countries, particularly in Nigeria. It is a staple food crop widely cultivated and consumed by many people, both in the Northern and Southern parts of Nigeria and is part of the farming system of people in these ecologies. All the plant parts that are used for food are nutritious, providing proteins, vitamins and minerals. Mature dry seeds of cowpea contain proteins, ranging from 23-30% depending on the cultivar (Bliss, 1975) , and 50-67% starch (Quin, 1997) .
Despite the increasing importance of cowpea in the diet of many Nigerians, yield per hectare remains low. Although yields of 2500 kg/ha are achievable, several constraints have kept farmers' yields constantly low at levels between 350 and 700 kg/ha. If the yield barrier is to be overcome, a new strategy to improve the genetic potential of cowpea plants by introducing new genes is required. For this to be achievable, genotypes with a potential for better quality traits are needed as parent stocks to develop improved varieties (Aremu, 2005) . Accurate selection of parents is normally difficult because yields of potential parents rarely provide an effective basis for identifying those genotypes with the greatest potential for generating superior lines once crossed (Moalafi et al., 2010) . It is usually necessary to evaluate various traits contributing to the overall yield of the genotype in crossbred populations prior to making any decision regarding parental combinations. Pod and seed traits are examples of such yield components in cowpea. Yield per hectare is the product of population density, number of pods per plant, number of seeds per pod and mean seed weight. Hence, seed yield is a complex trait that includes various components and finally results in a highly plastic yield structure (Amiri-Oghan et al., 2009; Diepenbrock, 2000) .
Information on the general and specific combining abilities (GCA and SCA, respectively) of parents will be helpful in the analysis and interpretation of the genetic basis of important traits (Rajani et al., 2001) . Ogunbodede et al. (2000) also implied in their work on maize that the best performing progeny may be produced by crossing two parents having the highest estimates of general combining ability. Diallel crossing technique is commonly adopted to evaluate the parentals in terms of their performance and to obtain a rapid, overall picture of the genetic control of a trait in a number of inbred lines (Jinks, 1954) . This mating system has also been identified by Adeniji and Kehinde (2003) as a tool for evaluating genetic components underlying inheritance of metric traits. The model presented by Griffings (1956) shows that genotypic variation is partitioned into the general and specific combining abilities, while Hayman (1954) analysis of combining ability further explains the combining ability and the genetic components underlying inheritance of traits. The present study, therefore, seeks to understand the gene actions and combining abilities of cowpea genotypes for pod and seed traits with the aim of developing a strategy for improving such yield traits.
Materials and methods
The experiment under consideration was carried out in two phases. Phase 1 was aimed to generate the F1 seeds in a greenhouse at International Institute of Tropical Agriculture (IITA) (Ibadan) in February-May 2008, while Phase 2 was carried out at the Teaching and Research Farm of the Federal University of Agriculture (Abeokuta, South-Western Nigeria) (FUNAAB) during the second planting season (September-December 2008) to evaluate the diallel crosses and combining ability under field conditions. Abeokuta is generally located within the forest-savannah transitional zone; the experimental field was located at latitude 7.53°N, 3.38°E with elevation of 450 m asl. The soil type around the experimental site was composed of loamy sand and was classified as Arenic Plinthic Kandindalf (Busari, 2011) with a pH range of 6.8 to 7.8. Climate conditions during the crop cycle were hot and humid with an average rainfall of 7.99 mm (Table 1) .
Eight genetically-divergent genotypes were selected as the parents for the diallel crosses (Table 2 ) on the basis of the classification in a molecular dendrogram (results not included). The seeds of the parents were sown in 12-cm-diameter plastic pots filled with garden soil. The soil was kept moist by watering and hand-weeded when necessary. At anthesis, plant to plant pollination of all possible crosses except reciprocals was made in twenty-eight cross combinations following the 8¥8 diallel crossing pattern in the greenhouse. Each cross was tagged for easy identification, and, at maturity, the F1 seeds were harvested separately. The experimental field was thoroughly prepared by ploughing and harrowing, and weed stubbles and crop residues were removed to make the land clean. The 8 parents and their 28 F1 genotypes were then evaluated on the field. Their seeds were sown in 10.80-m-long single row plots and spaced 0.60 m apart. Intra-row spacing was 0.45 m and seeding rate was one seed/hole. The experiment was laid out in a randomized complete block design with three replications. Field pests were controlled using cypermethrin + dimethoate (Sherpaplus ® , University of Nottingham, UK) at a rate of 40 mL/s in 15 L of water and weeding was done manually when necessary. During the course of the study, data were collected on the following 4 agronomic traits: number of pods per plant, pod length (cm), number of seeds per pod and 100-seed weight (g). For each parent, the mean of twenty plants per plot was obtained, while for the 28 hybrids for each evaluated trait, the means of ten plants per plot were obtained due to the smaller number of seeds. Means per plot were analyzed for combining ability in the parents and F1s (excluding reciprocals) following Griffings's model I (fixed effects) -method II (1956) . Genetic parameters for estimating the gene effects and parameter ratios in the parents and F1s of the diallel cross were obtained according to Hayman's method (1954 ) using Ukai's DIAL statistical package (1998 . Mean squares from the analysis of variance showing the effects of additive and dominance components were obtained according to Walter and Morton (1978) . The dominance component b1 measuring directional dominance; b2 examining the difference between selfs and crosses among parents, and b3 measuring residual dominance variation, i.e. variation not yet accounted for by b1 and b2, were calculated. Heritability was estimated for each trait differently. Narrow-sense heritability, which measures the proportion of additive variance in the overall variance, was estimated as follows:
While, broad-sense heritability, which measures the proportion of both additive and dominance variances in the overall variance, was estimated as follows:
where: δ 2 A, additive variance; δ 2 D, dominance variance; δ 2 E, environmental or error variance;
Students t-test was used to test the hypothesis GCA or SCA=0.
Results
Mean squares for general and specific combining abilities among genotypes and their crosses for the traits analyzed are presented in Table 3 . Larger and highly significant mean squares were observed for GCA in comparison to SCA for number of pods per plant, number of seeds per pod and 100-seed weight. For instance, mean squares for GCA were between two and eight times greater than the SCA estimates for all the four traits. Also, mean square ratios 2GCA/(2GCA+SCA) were very close to unity for the traits analyzed. Mean squares for SCA were also significant for all the traits except pod length. Table 4 shows how all the traits except pod length had significant effects for GCA but in different directions. Only Kananado showed positive GCA effect for all the four traits, while others had positive GCA for some traits and negative GCA for others. However, Cowpea-2 and Kananado had relatively large and positive GCA values for number of pods per plant and 100-seed weight, respectively, while IT97K-1042-3 and Erubu had negative GCA for both traits.
Estimates of SCA effects for the 28 F1 hybrids for the traits evaluated are provided in Table 5 . Positive and significant SCA effects were observed for number of pods per plant and 100-seed weight in nine hybrids, namely IT99K-316-2 ¥ IT97K-1042-3, IT99K-316-2 ¥ IT03K-316- 1, IT98K-131-2 ¥ Kananado, IT03K-316-1 ¥ Cowpea-2, Ife-BPC ¥ Kananado, IT99K-316-2 ¥ Cowpea-2, IT99K-316-2 ¥ Kananado, IT97K-1042-3 ¥ Ife-BPC and Ife-BPC ¥ Erubu, with the largest and positive SCA effect recorded in the cross IT99K-316-2 ¥ IT97K-1042-3 for number of pods per plant. Large and negative SCA values were observed for number of pods per plant and 100-seed weight in the crosses IT99K-316-2 ¥ Kananado and IT99K-316-2 ¥ IT97K-1042-3, respectively. Hybrid IT99K-316-2 ¥ Ife-BPC also recorded relatively large and negative SCA values for both number of pods per plant and 100-seed weight. Table 6 presents the mean squares from the analysis of variance for additive (a) and dominance (b) effects and dominance components (b1, b2 and b3) for the four traits evaluated. Highly significant gene effects were observed for additive (a), dominance (b) and dominance components b1, b2 and b3 for all traits studied except pod length.
Article
The estimates of genetic parameters and their ratios for the four traits evaluated in F1 population of the diallel crosses are presented in Table 7 . Additive (D) and non-additive (H1 and H2) components were greater than zero and therefore were found significant for all the characters studied. However, dominance (H1 and H2) effects were larger than the additive (D) and environmental (E) components in all cases. Estimates of average direction of dominance (h) were positive for all traits, while the estimates of the frequency (F) were negative for all traits. The ratio h 2 /H2, i.e. the number of effective factors, had a minimum value of 3.89 for number of pods per plant and a maximum of 5.72 for pod length. Estimated values of ratio (H2/4H1) ranged between 0.24 for number of pods per plant to 0.26 for pod length. Broad-sense heritability (HB) estimates were never below 94.0% for any of the characters evaluated, but narrow-sense heritability (HN) estimates ranged between 1.01% for 100-seed weight and 5.14% for pod length.
Discussion
The significant mean squares for GCA and SCA obtained for number of pods per plant, number of seeds per pod and 100-seed weight suggest that the parents and their hybrids in the diallel crosses were highly variable for these traits. In addition, a large portion of total variability among F1 hybrids in the current study was a result of gene actions with predominantly additive effects. This is a desirable phenomenon necessary for better crop improvement, especially when quantitative traits are concerned. This corroborates Ojo's findings (2003) on soybean cultivars and Kumar et al.'s (2007) on genetic study of earliness in cowpea. Therefore, the crosses under investigation will result into effective selection in early generations of segregating materials due to small environmental effects (Karademir et al., 2007) . However, non-additive gene action due to dominance and/or epistasis, as revealed by significant SCA mean squares, must have contributed to the total genetic variability observed in these three traits. Gupta et al. (1993) , however, assumed that the presence of non-additive gene effects could reduce df, degree of freedom; * , **significant at 0.05 and 0.01 probability levels respectively. the progress expected from early generation selection. Kang (1994) suggested the use of the ratio of GCA to SCA sums of square to determine their relative importance in genetic control of traits and thus the breeding value of genotypes. The value of approximately one obtained for all the traits in this study shows that the traits are highly heritable, and that the additive gene effects were more important than non-additive gene effects for these traits (Amiri-Oghan et al., 2009) . Since the additive gene effects are fixable through direct selection, the predominance of additive genetic variance for the analyzed traits indicated that mass selection on the F1 generation of the crosses would be worthwhile in the development of cowpea genotypes with increased number of pods per plant, seeds per pod and higher seed weight. Cowpea-2 and Kananado with relatively large and positive GCA values could be used as parents in hybridization programs for genetic improvement of number of pods per plant and 100-seed weight. This is in line with Baker's report (1978) assuming that large and positive GCA estimates with significant additive gene effects could provide desirable genes for the improvement of the traits under consideration. Kananado, in particular, appears to be the most desirable genotype for the genetic improvement of nearly all the traits evaluated and therefore recommended for further use. IT99K-316-2, IT97K-1042-3, and Erubu were poor general combiners for number of pods per plant, number of seeds per pod and 100-seed weight because of the negative GCA values associated with them and thus undesirable parents in the genetic improvement of these traits (Daniel et al., 2006) . The preponderance of additive genetic variance in almost all traits among the genotypes evaluated could be exploited to an advantage by using the conventional breeding methods, such as pedigree or pure line selections. Rupela and Johnansen (1995) used pure line selection to improve nodulation in pigeon pea as a result of large GCA effects.
Article
Positive and significant SCA effects observed for number of pods per plant and 100-seed weight in nine of the 28 crosses studied suggest that these crosses (i.e. IT99K-316-2 ¥ IT97K-1042-3, IT99K-316-2 ¥ IT03K-316-1, IT98K-131-2 ¥ Kananado, IT03K-316-1 ¥ Cowpea-2, Ife-BPC ¥ Kananado, IT99K-316-2 ¥ Cowpea-2, IT99K-316-2 ¥ Kananado, IT97K-1042-3 ¥ Ife-BPC, and Ife-BPC ¥ Erubu) were the best specific combiners for these two traits. Hybridization between two good general combiners may be governed by additive ¥ additive gene actions which might elicit transgressive segregants in the advanced generations for the traits, thus producing hybrids with good specific combining ability (Daniel et al. 2006) . On the other hand, the crosses exhibiting good SCA effect -though deriving from parents that are poor general combiners as was observed in the crosses IT99K-316-2 ¥ IT97K-1042-3 and IT99K-316-2 ¥ IT03K-316-1 for number of pods per plant, and IT97K-1042-3 ¥ Ife-BPC and Ife-BPC ¥ Erubu for 100-seed weightsuggest the presence of dominance or epistatic gene actions and an indication of genetic interaction between favorable alleles contributed by both parents (Adeniji and Kehinde, 2003) . Large and positive SCA effects for a trait have also been reported by Ojo (2003) to suggest the possibility for transgressive segregation for the trait in later generation of selfing. The negative estimate of SCA values recorded in this study is indicative of a partial dominance situation across loci (Adeniji and Kehinde, 2007) . However, highly significant SCA effects do suggest that non-additive gene action (dominance and additive ¥ dominance gene effects) could play a vital role in the improvement of cowpea for the traits of concern (Ojo, 2003) .
Highly significant gene effects observed for additive (a), dominance (b) and dominance components b 1, b2 and b3 for all traits analyzed except pod length confirmed the presence of both additivity and dominance in the expression of these yield component traits. Among the components of dominance, the significance of b1 indicates that dominance was unidirectional, towards the better or higher parent in this study. The highly significant variance of the b2 also suggests that the eight cowpea genotypes probably have different number of genes (Paul et al., 1995) . The significant residual dominance effect of b3 is assumed to result from additive x dominance or dominance x dominance effects specific to each cross (Ayo-Vaughan, 2010) .
Additive and non-additive variances were significantly different from zero for all the traits and this indicated that the two effects were important components of genetic variation for these traits. Similar results were recorded by Romanus et al. (2008) , who reported both additive and non-additive components in the inheritance of some yield traits in cowpea. The study reported by the authors was carried out at the University of Nsukka, in the South-Eastern Nigeria. Nsukka has a subhumid agro-ecology with sandy loam Oxisol (Ndubizu, 1981) . From this study, cowpea turns out to be well adapted to a wide range of ecological conditions and soil types in Nigeria.
In addition, the dominance (H1 and H2) effects were larger than the additive (D) components in all cases, thus suggesting that non-additive gene action played a predominant role in the inheritance of these traits. The presence of dominance was also confirmed by the estimated values of the average degree of dominance (H1/D) ½ which ranged between 4.18 and 9.86. Among the dominance components (H1 and H2), a condition where H1 was greater than H2 (H1>H2), as observed in this study, indicated that the positive and negative alleles at the loci for these traits were not equal in proportion (Adeniji and Kehinde, 2007) .
The positive estimates of average direction of dominance (h) for all the analyzed traits also confirmed that dominance was unidirectional and in the direction of the parent with higher expression of the traits (Ayo-Vaughan, 2010). On the other hand, the negative estimates of the frequency of dominance (F) for all four traits indicated a high frequency of dominant decreasing alleles than dominant increasing alleles in the parental genotypes. The ratio h 2 /H2 revealed different number of genes controlling the four traits. This study indicated a minimum of three genes involved in the inheritance of number of pods per plant and a maximum of six genes in the inheritance of pod length, revealing their polygenic inheritance as is characteristic of quantitative traits. The observed estimates of H2/4H1 were close to 0.25 (the theoretical maximum), indicative of fairly equal distribution of dominant and recessive alleles among the parents. Therefore, the loci exhibiting positive and negative genes were equally distributed in the parents for these traits (Adeniji and Kehinde, 2007; Amiri-Oghan et al., 2009) . Narrow-sense heritability (HN) was low (<20%) while broad-sense heritability (HB) was high (>30%). This shows that the dominance proportion was too high for it to affect the overall value of heritability (HB). These hybrids, therefore, cannot be used for a direct breeding program. This is obvious from the values of the dominance components compared with those of the additive (D<H1 and H2), in addition to the high values of the dominance ratio (average degree of dominance).
Conclusions
The four cowpea traits analyzed in this study were under additive and dominance gene effects, with the additive effects being more important. The additive effects for these traits would enhance pure-line or pedigree breeding and effective selection in early generations of segregating materials. Kananado with relatively large, positive and significant GCA effects could be used as parent with desirable genes for genetic improvement of the considered yield components in cowpea. Also, from the per se performance (GCA values) of parents and the SCA values of the hybrids, IT03K-316-1 ¥ Cowpea-2 and IT99K-316-2 ¥ Kananado appeared to be the best specific combiners for number of pods/plant and 100-seed weight, respectively, and are governed by addi- tive ¥ additive gene actions. Though, broad-sense heritability (HB) estimates were very high (>94%) for all the traits evaluated, narrow-sense heritability (HN) values were very low (<20%). Since narrow-sense heritability shows the proportion of a trait that is transmitted from parents to their progenies, all the four traits investigated cannot be used for any direct breeding program. Improvement for these traits will therefore require a recurrent selection procedure to allow for favorable gene recombination in later generations before a final selection is made.
